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(54) SEMICONDUCTOR LIGHT EMITTING ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enhance emission 
characteristics by forming a nitride semiconductor layer having 
a large band gap doped with p-type dopant and a nitride 
semiconductor layer having a small band gap alternately 
thereby forming a super lattice structure in a contact layer and 
lowering the working voltage of a light emitting element. 
SOLUTION: After LED removes oxides from the surface of a 
sapphire substrate 1 1 , a GaN buffer layer 1 2 is grown by 
supplying ammonia and carrier gas while cooling the sapphire 
substrate 1 1 down to 550° C. A GaN (Si doped) layer 13 is 
then grown by heating the substrate to 1 100° C and a five 
layer MQW active layer 1 4 is grown by cooling the substrate 
down to 750° C. Subsequently, a p-type AIGaN clad layer 1 5 
is grown by heating the substrate to 950° C, an InGaN layer 
and a p-type GaN layer are grown while keeping that 
temperature and a super lattice contact layer 16 is formed by 
alternately growing fifty layers respectively. Thereafter, the 
substrate is cooled down to room temperature and taken out, 
an n-side electrode 1 63 and a p-side electrode 1 65 are formed 
thereon and the surface is coated with a protective film 1 62. 
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(57) [gifo] 

A 1 »aE*JJ»3*-C-»<> MF* »^At< IsfcttA 
ttS?g#S < . I n _bP? 3 «tM> H f ? :/* 




C2) 

1 

fTIB 3 > * Z h B©«M(C«M L X Wt W 6 tifc p ISg 

<!:. 

B><> F¥+ ^ ^©^#t,»^h«j*«ttBK:S«?fi«jk: F 
-^3n-C^-5C<!:%«F®<b-rS*««:|65fe3R-?. 10 
[m$H2 ] F*'+ ^ :/©;*;# t>g{b<&¥*# 

Jf«> GaN*>f>)S0, 

B*§B'<> K «P* » ^©/hSC>S<tfJ¥3S*a«. I n G 
P§£ F #151 EG a N If (CjStfllfltt F--7StlX 

[19*^3 ] Itfiai nGaNtcfctvt I n#III&73fl 

±#ic&ib2>'m-&te. om*%<k d < 2 om-% 

Jet) fc/j^l>c ££1t®<t*SI?l^2iB«S©*J!lft& 
tE^. 20 
[ff3ai4 ] Bflta-'O F+> v :/©*Sl^{b13»3y§t* 
Jitt. A 1 GaN^t), 

miia^O F*> ? :/©/hi* l>g<b«M£*(*JII*. G a N 
Pi K-/0 hsWRBA 1 GaNKS^K F-^Stl 

ri^c i^miTSit^ i sais©¥s§{*^:ftjn 

[It^l5 ] bmIBA 1 GaNBtcfc^-CA 1 ffiiumt 

imime ] twaro F*> 9 ^<D*#l^tt^¥*Jf* 

F*> ^ ^<Z>/jN^ l»3ftft¥3MWltt* I n , 
Ga, - y N <{IU x<y) jfofcfcO, 
p&F-'OhtfMBI n, Ga,-, NtCSBRWCC K 

H«, A 1 GaN^6^D 4 40 

uiB^> f*> ^ -7<D'b2^mm¥m#mi*. i n g 

aN*>6&9, 

pSF-'OhaPttEA 1 GaNKlgtRlflK: F-:/3*l 
?• 

l»3CT8] ttEpfflF-'OM*. Mg (v^>? 
A), Zn StfC (K*) *P6ft*Stt>63« 

■m* 1 otciBtgcr>^(*^*^? 0 

[§8*919] MfBp^F^ORJMgr <v^*>^ 50 



0 0 1-60 72 0 

2 

A) T>£>9. ^<DF-^ig@[«l x 1 0 1 9 cm" 8 « 
Itixio 20 cm' a OTT^Ci^it^ 
flWWt 1 - 7 (Dl>-r*a*> 1 ^(ciBtgO^ft^fe^o 

1 - 9 (Di>r*i*p 1 oicfai&<D¥s#ifc 

[0 00 1 ] 

«f(c. GaN, A IGaN, InGaN. I nGa 
[0002] 

(light emitting diode: LED) ^^^ftl"— If (la 
ser diode: LD) U£G>m&fr\t* SiSfiMigHcfc 

c^r*c»j«is»**» 6h * c t #m*3 tin* Z> 0 
[0003] ttte, *wc;tei>"C r«<t»¥3W* j <h 
In y Al,Ga (1 - y - x >N(0^y£l. 

0 ^ z ^ 1 ) t*zw^x^Ztitt^x<msSL<r>ii 
NCcttjLry> (P) «wr (As) 

[0004] 

tt. ffittJBfcl nGaNXttGaN^, tSte»*>6 
o^t yrot^-7a-m^/c^A 1 , Ga 
, - y N (0<y<0. 5) <0*v*> F»*flK>*«te 

Z>. L/pO, AliK^B^i, pfflimSiO^--^ 

[0 005] »fWBEtiBiliS***ffifc Ut, A 1 G 
aN^7 ^ F I (D± iC M g ^ K - ^ I /c p I G a N ^ fc 
»pSI n G a N3 > 5f ^ H*Mt5^«fH¥ 

6- 268 25 9^$RRO*«f^9 -28935 1^ 

[0 00 7]«b^, [pJIgjCDL E DCCfel^Tti, *7 

7- /7l«l 1 1©±«c^^t11 1 2*^or, n 
MG a N@ 1 13. r£tt® 1 14, p MA lGaN^7 
v FBI 15, pfflGaN:a>**FBl 1 6JWHfc» 

[0 00 8] nSGaNIl 1 3<D±&C«. nfflimSl 
6 3, ^>f^>^-,K164AW^n k p§Ga 
N3>^^H116©±(Ctt, pffljmSl 6 5, 



(3) 

3 

?4 >y/s* F 1 6 QifimtSiZtiXK**. £/e. m+<D 

[0 0 0 9 ] 07iC^3*i/cfltJ£K:«fc*x«. pSGa N 

*ti«-r £ C £ tc J: 0 . WPtEE«ft C £ 

[00 10]—*. v%l=i>5>i> \-m<D$kWtti8.<D-7# 
*S"?A (Mg) igg£HS< L-r«Si©«Matn43 
£K^L£5£T&fS*#S*Si*lir2 6 6 6 2 3 7-SfJC 
ia*23*lT<,>&„ 10 

[ooi i ] l-*>u chhcy^trtxaxfsm^^x 

[0012] S 6«:*^©Sf)fP^i)E?:Ttf-5SiJ©^i 

* FB£fflt»*#&JWt§§¥9 - 2 8 9 3 5 1 ^£MlC 
faS3n-C(,»-5. ?tZt>*>. GaN©ttfc>9CCl nGa 
N *ffll>fc*&£©« 5 # p fflimS £©fa©ffiS^©# 

t*5-c^S<!:l,^4>©-C*S„ L*>U HBSCCtt. In 20 
G a NttG a N t Jt^T p Mit U CC < (,>£ t> 

[0013] *>*>Si$S©12JS{cg-3(,>-Cfr 

2t\tci><D-c$>z. -r&fcf*. commit. ftfPHBES: 

[00 14] 

[pis^rafc-f -5/c&©#&] *n?g©^ 
i?ia ^ > * >> v mwmmicim u ts w e> *i/c P mmm 

m&*mm*&h. psfwo f^m^o f*+ v 

:/©*#i>m&¥iSWI{cj§lRiflK: K-^snri** 

[0015] jStS^tJtjSSCjSiRKjCC K-t>^*Jfrr« 
£fctt. F¥* ? ^©/hS (^©ISiflJitcjgiRffjK: 
F-f>^*tf'5C<!:*5iiS-C*S <> Milium 40 

X'<> h'f+v < Ltct£H,ltW&&&< . I n 

W>i?9A) SfiK£_LPJ3tf-00 F*+ ? ^/Jn3 

[0016] ?t£t>%. w$L<D&^mm*m#m\im. 
mm t ux Lt&M&m&zffliQ is&gk&z&m? z&m 



^P82 0 0 1 -6072 0 
4 

*^>4^fl;;@«:>'>F-^«tr-&C£{c«fc»J > *SJit£© 
£fb£E0*. &®JI£GT©m8£+#«:2Sif;*t!-.2>c 

[0017] JMfcffJJCtt. {HAtf. |5fl2ii!S©i^(,»M{b 
^^aiU-CGaN^rSfflL,. MIBgggOfil^b 
!&£gWI£t/T I nGaN*»ffl-r-SC<b*5T , *-2>. 
C©t§£Cc«. pSF-^>F«GaNJfK:jIiRa*jK:F 

[0018] Mr>X. I nGaNi^^F- 

[0019] C©JU£t*|K:tel,>-Ctt. BOta I nG 

aNtcteUT I nftlim7cM£ft< l c&tb2>$t£&. 0 
«3 < 2 OHT%«fc0 «,>*>©&■*- 4 

ct&m$L,i>. i nommiczQmmmtoxoftm 

[ 0 0 2 0 ] $/c. jStST«it©ffi©S«:W<!: LXit. 

buIB^o F=¥> -y^©^:#c^*t>feS!g©m^<b!BJ 
^I»J1£0-C. A 1 GaNiJSffil, luia-'O F*> 

MiwTiBA 1 Ga NtciiJRWtc F-^-T*. 
[0 02 1 ] ee-5T. ffl«WCCi>:6^(<»GaNBJ&y> 

[0022] ffe©^ftp(<k l/Ttt, SCi«C«^© 

I nGaNg|^±icJ;0^^j**^Lrfc 
A 1 GaNli I nGaNJfiCfcSjBte^fltjg* 

Mi/Tfc^». t^rnw^ic*). tB«fi«}{c©:6*>i<» 

[0 02 3]—*. W3pSF-^ FibtTtt. Mg 
(vWi-W) . Zn (ffiiS) SfcttC (K^) 

[0 02 4] pSK-;Oh*iMg (vW>")A) © 
»^(C«. *© Y'--7Wm* 1 x l 0 1 8 cm-'WJ: 
"C 1 x l 0 2 0 cm" 8 yLTX$>2>Zt&W.&Ll\ 

[0025] — *. p fflfl«@w. i t ofc ecomimt 

^ish<OXi>^K #&C. A 1 GaNl^GaNSiO 
m&*K.J:*)^>2 9 FJSSrJ&liSLfcJg^tCtt. I TO 

piiasgK:*ti,T^5f ttmmAimztiz. 

[0 02 6] 

[f6Bj©^©m«] WT. aS^^l/^o^Bj© 
mM<DB1&^.^xm^r i>. 

[0027] (^i <omm<mm) m 1 «. *&w<Dm 

1 ©^©^{c^*?S^{b«5*SI»^^*^rS 
K»fffi0-C*-S. -r/«cto%. l^a«LED©»rM«j§?: 
P^b. 0*3 lttif^r -fTS«. 32ttGaNA, 



5 

VtM, 3 3«nIGaN (S i F-^) 1, 3 4U5 
IMQWI I nGaNjS&H, 35»piAl 0 . , o 
Ga fl . « o N (Mg F->0 3 6« 4 

[0028] cct, im^yzzbmit. p<®m@ 

<Dm>mt®¥m&micMvmic F-:/i**vcc>£o m 
tST-3>^^h@36«. m&mtaz. Wx.\x. in 

o . o » G a o . 8 9 N/GaN (Mg F->0 fSh* 
C 0 0 2 9 ] @ 1 CDL E DCDtg^^CDSg^^K&o 

x mmrr z> t vcrcoim < x & & 0 
[oo3o] s-r, 7K*^^ifeL^^e>if^T^rs 
« i i * i i o o -c-c i o #fiaa&u ss^ffiosft 

^^56T^o :WC. Sfil 1^5 5 0-C^r^iJIL/. 

TtfZZffiLXmBl 00nm(DGaN;^77ll 2 

[003 1 ] #tC, gfi<D*Sg£ 1100 "CKjjn&U 
TMG, SiH4, 7>^7RWty7^l:ifel/ 
tgH4nm(DnIGaN (S i F-:/) Jl 1 3 SrJSg 

[0 03 2] ^CC, g«(D^£7 5 0T:£r#iPU 
TMG. TMI (h'jy^W>^A) , T>*-T 

Stf**U7#x*a£br, 5HMQW§2r£tfeJIi4* 

flEfi CCC. m&mi 4tt. if3nmOI n 

GaN^x;H<bi/|6nm©GaN^ , J7l?:5I , r 

[0 03 3] #Ct, S«£9 5 0 o C£jJ0&U TMG V 
TMA (h'J^f^l/^^A) , Cp2Mg, T> 
*^racf** U7;tfX£i&l,TMJ12 0 OnmOp^ 
A 1 o . io Ga 0 . a o N (Mg F— ^) ? FJ1 

1 5£f&fi£-e£ B ft**. t<D*^? FHOMgifflg 
m«5. 0 x l 0 1 fi c m" 8 if^Ci^rt 

[0 034] ^CtC, g&CDSK£9 5 0 o Cfc:S-3/c£ 

©tS^:3>** Fill 6£jafi$tf£ 0 
te, TMG, TMK 7>^7M+t ';7^4i6 
UT®1?3 nmCDl n G a NH£:J&g$t>\ TMG, 7 
>*~7, Cp2MgRO*+^UT^^^L/-C0J?3 
nm(D.pIGaN (Mg F-^) Jl^JSgi*-!**. Cti 
h<Dm*W%-& 5 0 ®^03XSCCfiSS^^^ C <hCC<£ D 

GaNJI<DMgigg«. MiL(2l. Oxio 20 c 

[0035] awe, ^&£^$T#*PbriR9 ttiu 

0 1 (C7^L/c«fc0 icm^«i§<D-a5€:^ffi^ hnM^> 



(4) ^1200 1 -60720 
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FJf 1 3$W^>^lt, nHKftl6 3^ 
EST*. £/c. p^n>^^h^l 6CD±tC^g|*tt^: 

*rr*p«««i 6 5i:Mts. se>cc, m*<omm 

^Sill 6 Fl 6 

4. isezmmv. z^icm+vmmz&mmi 6 2 

[0 036] &*>\ mmt*m?*> pMM& 1 6 5 t o 
Ttt, £Blifi<DN i (-**•;!/) /Au (^) 

/N i SJf mtm/$EM3k<D I TO (indium tin 
10 oxide) /N i &££SOT-r&C<tr#£ 0 

[0 03 7] C<D<l:5(CUrKf¥U/cLED«. A&frft 
mm I f = 20 mAOr>^Ccfct>T % l&frfi^jEV f = 
3. 2#;VK ^fef-^iSS4 5 0nmCD#fe^* 

^3feU5^«3. 3mWr*o/c 0 
[0 03 8] CftCC*tUT, Jt^ib 
IS 1 (Dffif&trCteii^XziZsZ 2 h@l 6i l"CMg|| 
g#l. 0 X 1 0 2 0 cm" 3 xmZ&O. 3 0um<D 
pIGaN (Mg F-^) m±?ZUm*mi&Ltc*5Z 

w<om* t mm<omi&% w-r £ led o -c ^co^ 

20 tt*BWBLft:. 

[0039] -e<D*£^ JtSWMtff I* I f = 2 0 m 
AtCfcC^T, Vf = 3. 7#)l>b. ^f-^S4 5 
0nm(Dt6iM*l, ^fctttfj«3. 1 mWt^o 

[0040] Tftfc^ #2BP!<D|fe*3Wi, Jt&^O 

[0 0 4 1 ] **IB«C*$l»r, ®*S^:3>** h£/l!t,> 
C <b {C <* 0 ftf^miE ^{£«*T ^ C <!: &X Z /cSfi t U 
30 ^^<^T«T<03o^#^^tl€>o 

[0 042]Sl(Dlft<!:lt, p®IlS<bp^3>^ 

W5^L/cJ:^tC, I nGaN^6^c^mJl^n>^ 

^ -289351 -^cciatgs 

ntC^ e L/^L/, m&MZl nGaM«GaNtcJt-^ 

aNii^>F^(D 1 nGaNIi^SWg^l* 
40 SCifc:^ pMfb^b^WSM^GaNO^U^ F 

~t%> I n GaN®^ II ? F©p**^"T C <t^tt3R/c 

[0 04 3]m2CDSS<tOT k ^SttCDlSj±^#^e> 
n-5 0 -Ttett. I nGaN«GaNCCit-<reS^©: 
6*>lvft:ti>* GaN®t<DM^»igCCfcC^r«M{B^ 

fib. I nGaN* B a a»iMl^< k ^igg© 
50 F-t>y*ff9 4»IW*WF«c«fl:r*. S£ot, I 



7 

nGaNJatCMg* h'-zf?Z> <h*£ H ^t£#^bOT|g® 
H?9-28935 1 ^<D£ 5 CC p32 M> F 

mutt**. 

[0 04 4] Ctt$C*tO-C *^{Cfc^(iGaN^ 
■J T If KM g SriitKfcJtC K - b*>^lt InGaNii 

[0 04 5] ^3CDS*<tLT, + l> Tiggi* 

+ *)T&$h&<D±Mf)mZ.t>tiZ>. -?Ut>%. I nGa 
NCCpg F-'*> F£ F-t'>yLTfe+#CCpS{bi* 

[0 04 6] CCT, *«9i©a» : f-3>4r^hH{c*j 
C>TW: % I nGaN»}x;UJlCDI nWHtfSife 

B^^buTo^^cr)^ i nmm*2 o%$m±~?z> 

[0047] * ft:. a*»3>*^FJI©»flaclHU 
t. *«COflcfi 3 I nGaNiiGaN (Mg 

hJl l 6 (D^JJI&i. InGaNltfcGaNl 

[0048]-^ GaN^^;r®CC*t-T^MgCDF- 
t*>yi§@[«, 1X10' fl -ixi0 2 1 cm- 1 ^ 

[0049] (»2©HIS©»«) H2tt. 

KWr$)^ 0 HBKLEDODBrffiflBS* 
«K*U @*2 1ttGaNlg, 22ttGaN/<977 
i. 2 3«niGaN (S i F-^) E 2 4«5iM 
QWSI nGaNiSffig. 2 5»piA i 0 . i o Ga 
o . 9 o N (Mg F-^) 2 6B I n 0 . o i Ga 
o . . . N/GaN (Mg SW K n 

[0 05 0] S2<DLEDCD«fiS^-e(DS^*ffitC}Qo 

[0 05 1] ***X*is6U«C*J6GaN8fi2* 
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ltllOOttl O&NUMKkU »«*H©Wt»«r 
f&*T*o 5«C, S«2 1*5 5 0'C*TN$iJIU TM 
G, T>^T&tf* + VT;tf*£S£LT)gJll 00 n 
m<DGa NA'-;7 7l2 2^gJt^ 
[005 2] JfcfC. SSCDSe^ 1100 ■CCCftffi&U 
TMG, SiH4, 7>^7R^t»;T^^l 
rMJI4nm<Dn§5GaN (S i K-^) B2 3*J«fi 

3#*o 

[0 05 3] JfctC. ««<Di&g£7 5 0°C*-C#*PU 

io tmg v tmk r^rswt'jr^^i 

T. 5JBMQWSSS5tt»2 4*fl5SS-l*4. CCt, r£ 
ttB24tt, MJ?3 nmCD I n G a N ^x;MI<!:M^6 
n mOG a N/t U T»«r 5 JUTo^SKSH 3i*fc«t)§ 

cc-ct§f*BccF-b->^*tfor«> 

[0054]^, S®£9 5 0°CCtjjaigiU TMG, 
TMA. Cp2Mg 4 r>^7RWt'J7^iS 
LTJg/12 0 OnmCDpSA 1 0 . i 0 Ga o . q o N 
(MgF-^) KJB2 5£J$&3tt&. ft*. C 

20 9 FJHOMgiMEUt. MiLK5. Oxio 1 8 c 

[0 05 5] &tC, S«<DSS£9 5 O-CtCfigo/t* 
h*2-B«jttft3«&. JlftWK: 
tt % TMG, TMK T>*-Tfttf*+yT*f**» 
bTJgJP3nm£>l nGaN^xjU^g^t, TM 
G. T>*~7\ C p 2MgRWt VTrtZZftLLX 
l®l3nm0piGaN (Mg F-:/) JB*J5JEfi3tt 

30 CCt, GaN»OMgi*Stt. 1 . 0x1 

0 2 0 cm" 8 £-?Z>C±&X%2> 0 

[0056] mc. m^muttx^muxm^mu. 

WSEll^lUSt^. H2CC«S*l,ft:»3WH*, 
pS3>^^H2 6(D±(D^iiCpI^il 7 5#0 
J&3JrCl>£. ^LT, GaNifi2 1 CDXffiffllCCBa 
«tt««n|IWil7 3#«tt3h, 
/<» Fl 7 4#ait3*TCC»S. 36K, X-TOXDBtt 
«BM17 1. 17 2W0Sbnt^ o 
[0057] SSi btU-? 7 T*flat>fc»£teWai 
40 tttt#&l>fts. Ga NSK2 1 tt»«tt*Wt4fc», 

[0 058] CW^tCOt^UcLED^ If = 
20mAtVf = 2. 940ltK Mf-^I4 5 0 

[0 05 9] itSmtLX. H2©«««C*JC^r3>ir 
50 *NKM?&ftl. Ox 1 0 2 0 cm" 3 ~CJ13# 
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u/co commcom^imtz. i f = 20mArv 

f = 3. 7#>UK i3Et-^S450nm(Df&^ 

[0060] *mmB&te^~a*. mx&immv t& 

[0062]®l©14<bU, pfUfI@17 5*±ffi 
*^<DW^CC», nWiJtKbT. #tCp«J(D^>^^ 
flKctsHTtt. pM3>^^hi26<i:pIlfil75 

& <£ 5 tt«flB*«4*+^{c < »jsw * c 4 **r * * . 20 

[0063] ^2CDSS<b It, »fltt©fiLBC#9 P 
^ * M&S $ If <b Jfc^T G a N SS<D±CC^{b«5 

TSTfiCi^fiT U fc c <b h *l S. 30 

[0 06 4] (»3©JUWW&«> H3tt, 

WSU 0*3 IBS i CSS. 3 2BA1N^?7t 
33(inSGaN (S i K-^) JB» 3 4IJnMA 
lo. , 0 Ga 0 . fl o N (Si K-^) 3 5«G 
aN (Si, Zn Y-Vl ffittH. 3 BttpSSA 1 

0 . i 5 Ga 0 . a 6 N (Mg F-^) 37ttln 
0.02 Ga 0 . „ a N/GaN (Mg F-:/) £91 F 
-^ffl«Kf =a>*^ mr**. 40 

[006 5]a3©LED O*l££*Q|(£^0<:& ^ 

-cttsw- -5 i «T©*n < t * & . 

[0 06 6] *r. *fPW*£StG&#6S iClfi3 

1 * 1 1 o 0-cn oftnuihu sftMoafbtt* 
^*-ra c <«c, s«3 i*6oo'c*'c?&aiu tm 
a, Tv^-raw t y r^*»ut8W3 o n m 

[0067] yac % b&osk* 1 1 o o -cco^u 

TMG V SiH4, T^-TRUJr + VTtfXZmL 
rjgJ¥4nm<DnMGaN (S i F-^) J13 3£fi£g 50 
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[0068] «JMC % S«<Di&g£ 1 1 0 0"C«:«ofc* 
TMG k TMA, 7>*-7ftWt«r^t» 
Ut, Kff 3 0 nmCDn^A 1 0 . i o Ga 0 . o o N 

(S i F-*) H3 4«:J£SS*&S. 

[0 06 9] ^K, S&<E>*&££1 1 0 0-CCC«o/cS 
TMG, 7>*r-7, Zn (CH3) 2, SiH4 
S^t'JT^^Slt, JgJ54 0 nmOGaN (S 

i, Zn F-^)Stt«3 5*ffifiS**. 

[0 07 0] 5«C, 1 0 0°C&Cffio/c$£, T 

MG, TMA, Cp2Mg, r^-rRff+t 97* 
X^ltl8i6 0nm(DplAlo . i s Ga 
o . a s N (Mg F->0 FH3B«AS3tf 
£ e C<D?v v FJi<DMg?gg&*, W*.tf5. 0 

x 1 0 1 0 cm" a it^Ci^^ 

[0071] xtc. ssoms^9o o'c^c^iu, a 

tt^3>dr^m3 6tJ««S**. AftfttCfi*. TM 

g, tmk t^-tro*** ur^ctturiuv 

3 nmCD 1 n 0 . o > Ga 0 . a a NJt£J&fi$t*\ T 
MG, 7>*~7, Cp2MgRt;+t'J7^^L 
tIH3nm©pSGaN (MgF-^) JI«JAfi3« 
a. cti6<3E>»*«*tf5 0»roSsE«:jat*S**c 

a e CCt, GaNmOMgmm*. W*«2. 0X1 
0 2 c cm" 5 t«CiW8*. 

[0072] ^tc. a«*sa*r^»Lr»oui/, 

as 3 i <Dmm±wic n wms 8 3 6 P sn 
> 3r ? h jg 3 7 ©±<cabettft=rr * p ra^s 1 8 5 # 

JBRRStlt:c*4. pffljmi 8 StCtetf^TJ 

F 1 8 BsMRMStlT, ^©RMtt. ffSM 
18 K 1 8 2«:<fcDS^tiri^o pW^@18 5<b 

ittt, ^s«©n i/Au/Ni k mm/&mm<o 

I TO/N itt£«^«C&tfrft«. 
[007 3] C<D£5L,X$mi,tcLEDm*&* If 
= 20mA*CVf = 3. 3^<;l/F, ft%£-*ttft4 3 
Onm©«fi}i«t*l, »*IHA»1. 5mWC^ 

[0074]tbl!WiLt 4 H3(D«JSECC*Jl^. ^> 
i?^ F@^Mgigg^2. Ox l 0 2 0 cm" 3 ©pi 
Ga N (Mg F-^) mtLftm+ZiffiLtc. C<Oit 
&W<Dm*<&$m*. I f = 2 0 mA"CV f = 4. 0 
frh. «*fcf-^«K4 3 0nmCr>«aie»3e*^L, 

[0 07 5] a3(C^L//cJ:^K: v ffittHOC I n^:^ 
^Cfcl^rfe, InGaN/GaN (MgF-^)^IF 
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£ *@cTtf £ c <h &-cZtc 0 
[0 07 6]—^ s i cs«<Dt§^k:«if^T^rS 

*jB^BBUTKrau/c»2©ffl*K:J:&*>©iJfli!l3ti 
jSSte^rO** hJl«fflc^i, InGa 

[0077] <»4©5s«©jg») m*u. *mxom 

7tI, 4 3(JniGaN (S i F-^) 4 4«5 
1MQW1 InGa NrStfeU, 4 5&SpMA1o. 
Ga 0 . . o N (Mg F-^) I, 46ttln 0 . o . 
Ga 0 . 8 9 N/GaN (Zn F — >0 SEHK-^H* 

[0 07 8] H4©LED<Mf«Rtf*©Wfc&aStt. 

CCfel>T«. atS^-n>^^ M4 60GaNtiC)itl 
Mg (V^*>>^A) CDftfcDCCZn *F 
Tft*>^ GaNJI<£>j£gfc:R&G-C F-^ 
>F^ilt«i«Zn (CH3) 
(C^OZn^F-mcim^ £/c v G a Nil 
*CteW*Zn©iatttt«AK, 1. OxiO 20 cm 

[007 9] *3S«»JB©L E Dtt, JE^faltS I f = 
2 0mAO^{Cfe^t, fltt^^mOE V f = 3 . 4#;P 
K #6*t-^«S4 5 0nmCD«fe«***U. 38* 

[008 0] ctucttur, Jt^W<bur, hi<d»(K 

CC*>l^rn>3?^ h®4 6<hUrZnige[*H. Oxi 
0 2 0 cm" 8 vmSifiO. 3 0 ymOpMGa N (Z 
n F-:/) ■iTSHi«*«fieUA*JMI!a)**iH« 
<D«JiS**T4LED%KffOT^©«ptt«:WffiO^:. 
C<Z>Jtt8«<D3R^<Z)«Ftt», I f = 2 OmAtV f - 
4. OtfJIrK «6tr--^jSfi4 5 0nm©«e»** 
S*U H3fca#7tt2. 8mW-C$>o/Co 
[0 0 8 1 ] *H«H&«K:*JC»rfe t Zn4^SSF-^ 

[0082] (SS5 H 5 tt. 

BSKM^rfc*. r&fc*. ls30teLED<D»r®«ti§£ 
77i, 5 3«nSGaN (S i F-^) 5 4«n 
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MA 1 o . io Ga 0 . 9 o N ( S i F-^) @, 5 5 
ttGaN (Si, Zn F-:/> rSttB, 5 6lipIA 1 
o . , 5 Ga 0 . s s N (Mg F-:/) 57«In 
o . o » Ga 0 . 9 e N/GaN (C F-^) XHF- 

[0083]@5©LE D<D«JSdERCF*<0«Bt*tttt, 
* 1 XttJHHb * t » ii» 3 JHUMKCH 1/ r mfi£ L fc 6 
©£H«<fcT*C£#rS4. Tfcfofe, nSGaNI 
5 3£r(D/£g#JS«:, *1 UTWaSLfc 

[0 084] fit/, «W»»«:*$c»ro:, 

hg5 7<DGaN^tC*fLr v C tF-^ 
■T^o CCD^CD^SiaSti, tetf9 0 0 4 CiL/ 4 F- 
f>^<bim m^CBr4^l^Ci^'C 
3sfc> C (KX) ?rF-m^iim V 
KJK»:tf X <t XXOHR&iJ X <D8MUt iSMST S C £ K 

20 LTt>m>. ffit&^3>**FJl*«^£Ga 
NJt<DC?SKte, W*.«2. OxiO 20 cm-'it 

[0085] $^bi(dle d», mftmmfo i f = 

2 0mA(D^ft«:^r 4 JS^ft^E V f = 3 . 4^JU 
F, JB6t-^SS4 3 0 nmOte^Sl, ft% 
tti*«l. 4mW^o/c B 

[0 08 6] cfitestur, Jt««iur. @i<d«Ii£ 

&Cfct,>Tn>£^ hJ14 6<!:LTC*gg#2. 0X10 
2 0 cm" 8 TZmStfiO. 3 0m m(D p§£G a N (C F 

30 -v) mt?zMm*m&utc*mi<Dm*£mm<Dm 

J«*«TSLED*KffUr-e©1$tt*»fliL/c. c© 
Jt««©3R-?<0«Ftttt, I f = 20mAtVf = 4. 0 
tfOUK J6*t-^«fi4 3 0 n m©«i»**SL, 

[008 7] VLlMWLtc^StC. C <«*) tXH F 
[0 08 8] (»6©^JfiCWB«) H6tt. 

40 6 ©iisofs^agftft^ft^emg-rB 

W5*U 04*6 Ittf7r>f7lfe 62BGaN^» 
^r®. 6 36inMGaN (S i F-^) 64«5 
IMQWSInGaNrSttl, 6 5KpMA1 0 . ,o 
Ga 0 . 9 o N (Mg F-^) S. 6 6(JGaN/A 1 
o.o, Ga 0 . 9 s N (Mg F-^) a»F-^ffl* 

so [0090] sr, *.n&x*m>istsiifihw -y jrm 
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&6 i * 1 1 o o*cn oftmmf&L. mm.wm<omt 

*CC, »£6 1£5 5 0-C£T>#*PU 
TMG(h^^'J')A) > T>*~TRV*+V 
TtfZZ ffiOXmmi 00nmOGaN^777i6 2 

[009 1 ] #(C, 1 1 0 0*CK»]f»U 

tmg, siH4. y>^y&tf*-*yy:tf;*£Sb 

TlH4nmOnMGaN (S i F-:/) H6 3£Ji£g 

[0 09 2] #CC, Sfi0Sg^7 0 0'C&Xft$$O, 10 
TMG, TM I t 7>^7M+t';r^X^l 

5JiMQWMr£ttJI6 4£f&B;*1*£o CCT, ?£ 
tt»14tt, if3nmOInGaN^x;Hii]|6 
n mCDG a N't V T If £ 5 aTo^Stcffl® Stt/ctlfcg 

[0093]XtC, S«£ 1 0 0 O-CttflO&U TM 

g. tma, cp2Mg, r^rs^t'jm 

£i£LTMJI2 OOnmOpIA 1 0 . i o Ga 
o . « c N (Mg F-:/) ? F@6 5£j£:gi*i* 20 
£. frfc, CCDfzrv FJB©Mg«tt». «il«5. 0 
x l 0 1 9 cm" • it^Cim^ 
[0 094] S«<DSK£ 1 0 00 "CtC^o/c* 

j@&^>£*FJf6 6*J&fi;*tf*«> *«WtC 
TMG. T>*~TRV*+VTiJA*:WLVXJRm 
2nmCDGaNJi£j&fiS#, TMG, TMA, T>* 
~7\ C p 2MgRD f +t 'J 7^X4igirif2 nm 
OpMA 1 o . o . Ga 0 . 9 p N (Ms F-^) ®£ 
j$fi$tf£o cne>©®*m«5 0@-ro5S^S 

1. 0X 1 0 2 0 cm" 8 (bt^Ci^rt^ 

[0095] #{t, g«£^S£rte*P0TH*9ttiU 

3^W-;f>yit, nfflimgl 6 3^:^^r-So $ 

fc, p§s:a>** FH6 6<D±&c«s^£W-r£pfflj 

6 IXW^K SMKCsK^? 5 -* >^t* F 1 6 4, 166 
*»t*U S6KSTO*lffi£«^Ml 6 2X?S5C<t 

LED«« fl 40 
[0 096] pil6l65<bLtNi/Au/Ni© 

^mmmm^m^tcm^^ c<dled«, jb^sib 

Sfcl f = 2 OmACD^mcte^-C, J®^Bl£Vf = 
3. S*f-^S4 5 0nm(Dtfe^ 

^7feW*«3. 2mW-C£>o/c. 
[0 09 7 ]-*, pfflS®16 5cUlTO/Ni 

fam&l f = 2 0mA<3^fftCfcC^T, IS^lSjmEEVf 
= 3. 3*frK ^f-^g4 5 0nm<3!)t6a3e 

^ffl^«3. 2mWt*^. C<D 50 
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[0098] ctut*tLT, *§zw%\z. tmmtL 

X. Bl©«JiRCC:tet>T=i>** Ml 6£LXMzi& 
K#l. 0x l 0 2 0 cm" 8 rJ¥3#0. 0 5 um<D 
piGaN (Mg F-^) S t LtcL E D*f*fE OT^ 

pfiijmgCDMStC^^^OtS??^^ If-20raA(C 
*5C>T, Vf = 3. 7^1/F, ^f-^S4 50n 

[0 099] *«98CC <tti«, AlGaNI 

x^, &®m<D§mm*£Qi>m*mK*ms&zct 

So 

[0 1 00] mi<Dm&£l,X. InGaN/GaN 

(Mg) m&^>z2Ym<Dm&tmm&&ik&<o&\ 

i^etiio Tfcfc^ GaN«AlGaNtClt^ 
X&M s &&hi)^tctt>. A lGaNJl<h<Dj&«^Cfc^ 
Ttflg*® <!: L/rffffl LTSiil£{i*> * ^ * * ft <b'CD*£ 

L*>U GaNCCMg^rF-^-r^i, ISJI 

[0101] Cft&c2tl/T, *^WCCfe^r«. A 1 G 
a NJI<D^&C5M#WK: F-^> F £ F-^-T £C tic £ 
or, G a NKDSffili It ©M^S^it, ISA 

&m F-^ffitg^Hcfcl^T, K&0tti>ftAMCC F— t* 

> y^f ^ c <t tc<t o *siit*fe£fi_hi* ^ c i^-c^ * 

[0 102]tto% 4 InGaN/AlGaN (Mg 
F-^) <O^HF-^a*^I n. Ga, - a N/ I 
n, Ga. - y N (Mg F-^) (x>y) (D^mV- 

[0103] ^2(DS*<h bt 4 ^Pi K-^CCJ: D^tt 

»oiE?L*»4 Cim/cC imfihi. 

[0104] *mmBm<Dmt&3 L ^i'2? hm^^x 

A 1 GaNiOA lfifiS^r2 0%*?S<h1--2)C<h^ 
M$L<. 5%*i»ir4Ci^36«:a*Lt^ A l 
GaNKDA l ttA3ViKT«f&&IW¥«EE«s«< ttofc 
DSWiWttS^ftTtS. *te. Aia^OTEK: 

a i mj&ifi'prj^tmmmt ox<mm^j>u< & 0 r 

L^^CDT, 0. 5%i^Lhr^^Ci^MiSLC^ 
[ 0 l 0 5 ] *HJ6»S8CCfct>r«. I TO/N i 
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[0 10 6] fcfc. ^mMB^iCis^Xi>. GaN/A 
1 GaN^fSK-^&lS^raV** Mi©E&gK:|Sgt,T 

Pill 1 6 5 i8«t5ii!UGa NIt*-5t 
fe. A 1 GaNlTJntfc&^Cii^ofc. C© 

[0107] gfc. #ffci}U*«. fitS^>^f hJI6 
7tC*$(,>T. A 1 GaNJUWftfcOGCGa NllCMgi 
a»?F-^Ofc*T-t)iCflPl/fc. b*»U Complete 
t>-Ctt. A 1 GaNgKjSJRK-T'l/^T-dt'Wliift 
ttBE©®-Ri*6n&a>ofc,, F-^>h©r£ftfb^-f 
m*> Kx*;b+-*#AfclS^{C«. GaNJICCK-T'l, 

ffb/cl&llfc.fctltf. A 1 GaN@5cjStRK-b->^U 

iH, Bg&U/ciS&IS&tt©*!!*. %#©5»m©^ 

[0108] «_L ft#m#J80oo#f69J©§t36© 

[0109] W^tf . &mjm, L E DTcW^fc < . L 
§6«C. Ctt6©LED^LD&£©¥ag#2SfclftT-© 

raw ®*ft***» icim*. 
[oil o] — *^(cte^r«. j@tg^:3>*i> 

^•>htt^#art*i£»^-5©-c. *-5»ea«. 

©r. @s©fiCia«:fc^BftA-rsMisj*i*s. u 
*>u c©<k^ccL/-c^e.*afc^^^{c*i0^t:^*: 
»9B©ja*«+»{cse>*i*. 

[0111] -55. jBt&^=J>*? UK K-^t4p 
WatfcMg. Zn, C©f6«CfcB 

S. 

[0112] 

[ffcijH©***] ##69iCcJ:*i«\ JHMN|£9ft*»&ttS 
[oii3]ts**. piidii&i©3> sunset* 
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[0 1 14] #«C. LDOl^Ktt, aEAr-s«ifea*i 

ft*. *»WKJ:*i«. pfflm«£0«ttfiia*£T3 
tt. Sf^-©ttff«JI*Ttf-StifeCC. 

®<t L/fcs«©a^«g^i'«:s{b!»^i»*>6&a* 

[0 116] -Tfrb^. ^ 5 -^v;^*7- 
3^&t&**r-r *#«©8R&«g*sssi-r sci amm 

[■nKttMt&mi] 

[0 1 ] *jfew©sg i <D9m<o&mtcmt>zmivmm 
[02] *mi<Dm2amm<o&i&ic%t>?>w.ivmm 

[03 ] *»W©m3©*te©^SSK#*>4^k^» 

[04] *^©^4©*te©B«CC#toS^{fc«J** 

[05] *«^©^5©ill6©^CC«t>-5Sfti»** 
ttffcHSSt* *3*TgJ BSBrBB0-C * 
[06 ] *?TO®*6<Dim®£Jrefl&Sm*H£* 

30 #&%&*zm-ri8i98Wimm-c*>z. 

[07] S£*4>:3>** F@*«^/cLED=&WinL/£: 
«BSWB0-C*-2>. 
[W#©lftW] 

11.21.31.41.51.61.111 
1 2. 2 2. 3 2. 4 2. 5 2. 6 2. 1 1 2 
rM 

1 3. 23. 33. 43. 53. 63. 1 1 3 nIG 
aNI 

3 4. 5 4. 6 4 nlf7» FJg 
40 14. 24. 35. 44. 55. 65. 114 SttJf 
1 5. 2 5. 36. 45. 56. 66. 1 1 5 pi? 
■5 v FH 

16. 26. 37. 46. 57. 67 ^iSF-^fitS 

1 1 6 pIGaN3>$j' YM 

1 4 1. 1 42. 1 6 1. 1 62. 1 7 1. 1 72. 1 

si. 182 emm 

143. 1 63. 1 7 3. 1 8 3 nfflj^g 
145. 1 6 5. 1 7 5. 1 8 5 pfflftS 
50 144. 146. 164. 166. 174. 186 # 
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(11) 



15192 0 0 1 -60 72 




(12) ^§§20 0 1 -60 72 0 



F # - A (##) 5F041 AA21 AA40 AA43 AA44 CA05 
CA33 CA34 CA40 CA46 CAS 3 
CA57 CA65 CA74 CA82 CA92 
CA99 FF01 
5F073 BA09 CA07 CB05 CB07 CB14 
CB19 CB22 DA05 DA21 EA07 
EA28 EA29 



